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SUMMARY

E. Davenport

An investigation of the take-off, landing, and hovering-flight
characteristics of a four-engtie-transport,vertical take-off airplane
has been conducted with a remotely controlled free-flight model. The
model had four propellers distributed along the wing with thrust axes
parallel to the fuselage axis. In order to produce direct lift for
hovering flight, the propeller slipstream was deflected downward about
700 by a full-span 65-percent-chord flap deflected 9 and eight exten-
sible vanes srrsnged above the wing in a cascade relation.

Flying the model without the use of artificial damping in pitch was
clifficul.tfor the pilot because of a violently unstable pitching oscil-
lation. !I!bisoscillation could be stabilized by the use of a rate-
sensiti’vesrtificial damper which also made the pitching motions easy
to control. The rolling motion was slightly divergent but was fairly
easy to control. Although the pilot could generally maintaim control of
the model in yaw, the yaw control was considered undesirably weak. The
stability and control characteristics of the model when hovering nesr
the ground appesred to be as good as those obtatied when hovering at a
considerable height above the ground. Vertical take-offs and landings
could be performs satisfactorily, althou@, when trimned for hovertig
flight weil above the groti, th>-model @-
forward as it took off or neared the ground
was experienced in controlling the v=tical
there was apparently very little dsmping of

b For some types of

,.- ports, it is desirable

%

INTRODIK!EEEON

a slight tendency to move
on landing. Some difficulty
motions of the model, because
these motions.

vertical take-off airplanes,
to have the fuselage as near

particularly trans-
horizontal as possible ._
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to facilitate loadkag aud handling of passengers. One configuration which
has been proposed to accomplish this aim is a reasonably conventional
airplsme with wing flaps and possibly auxilisry vanes to turn the propeller
slipstream downwsrd to provide direct lift for hovering flight. In order
to determtie whether such an airplane was feasible from the stability and
control standpotit, hovering flight tests of a simplified test vehicle
were made by the Langley free-flight tunnel section and sre reported in
reference 1. Inasmuch as these tests tidicated that the stability and
control characteristics of sn airplane of this type could be fairly satis-
factory in hovering flight, research on this general configuration has
been expanded.

A model has beeu built for use in a test program to extend the flight
tests to cover the transition between hovering and normal forward flight.
This model has a w5ng system which can turn the slipstream about 700 with
reasonable efficiency sad can be retracted to form a shrple monophe
wing. The model is intended primarily for stmiy of the stability and
control ctiacteristics in tr~ition between hov~ing and normal forward
flight● Preliminary tests have been made, however, to check the stability
and flight characteristics in take-offs, landings, and hovering flight.
The results of these preUminsry tests are presented herein.

The flying nmdel used in the present tivestigation had four propel-
lers with thrust axes parallel to the fuselage axis and distributed along
the wing span so that the turning vanes and most of the wing were immersed
in the slipstream. !Ihewing had a full-spti plain flap of about 65 pw-
cent chord which was deflected about 90° for hovering flight. The trailing
portion of the flap was hinged as a control flap and had a chord of
25 percent of the mean aerodynamic chord. For hovering flight, eight
evenly Bpaced 9@ turning vanes were 1.6catedabove the wing in a cascade
relation to turn the slipstream downward (approximately700) to produce

direct lift for hoireringflight. For a few ”prelimlnaryflights the model
was also equipped..ti.theight additional tum@g vanes located below the
wing in a cascade relation. These lower vanes, however, were removed for
most of the tests to simpLify the confi~ration titer the preliminary
tests had indicated that the performance of.the model was reasonably
satisfactory without the lower vanes. The model was designed so that the
flap and vanes would retract to form a conventional monoplane config-
uration for forward f13ght. Control was provided by moving the right
and lef+.control flaps differentially for yaw control snd together for
pitch control andhy varying the total pit~ of the two outboard propel-
lers differentially for roll control.

The investigation consist~ entirely of flight tests and included
hovering flight at a considerable height above the ground, hovering
flights close to the ground ta determine the effects of the groumd, ver-
tical take-offs, and landings. The stability and controllability w=e
determined from visual observation, the pilots~ impressions of the fly5mg
qualities of the model, ~ also frcm motion-picture and control-position
records of the flight tests.

.

A
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.
Some additional research has been undertaken by the Lsngley 7-

by 10-Foot Tunnel Branch to study the aerodynamic characteristics of other

* wing systems that are capable of turning the propeller slipstream through
lsrge sngles and of being folded to form a clean wing for forward flight
by a simple retraction system. This work, the first results of which are
published in references 2 to 4, consisted of force tests in forwsrd flight
as well as in the hovering condition.

SYMBOLS

Figure 1
moments,
records,

motions of the model are referred to the body system of axes.
shows these axes and the positive direction of the forcesy
and angulsr displacements. For simplicity in reducing the
linear displacements in time histories of the model motions are

present&l with reference to horizontal and vertical space axes.

The definitions of the symbols used in the present paper are as
follows:

mean aaodynamic chord

angle of pitch of thrust sxis relative to horizontal, deg

pitching velocity, deg/sec

angle of yaw, deg

singleof roll, deg

deflection of control flap for pitch control, deg

rolling moment, ft-lb

pitching moment, ft-lb

w- moment, ft-lb

moment of inertia about X-axis, slug-ft2

moment of in=tia about Y-axisj s@-ft2

mment of inertia about Z-axisj slW-ft2

longitudinal force, positive forwsxd, lb

lateral force, positive to right, lb

normal force, positive don~d~ lb

—
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-ARATUS AND MODEL
.

*
Some of the flight tests were conducted in the large room used by

the Langley free-flight tunnel section for flight tests of models in the
hovering condition. Other tests were conducted outdoors because the
test room was not available at the the. These outdoor tests were con-
ducted in a clearing h a dense woods in order to provide protection
from the normal outdoor winds and gusts. The test setup used in all the
tests is illustrated in figure 2, and the test technique is described in
detail in reference 1.

Photographs of the model areshawn in figures 3(a) snd 3(b). In
these figures the model is shown with auxiliary vanes below as well as
above the wing. The lower vanes were removed for most of the tests to
siqllfy the configuration after pretiary tests had indicated that
the performance of the model was reasonably satisfactory without these
additional vanes. b order to accomplish transition from hovering to
forward flight, the model was designed so that, as the main wing flap
rotates from 90° to 0°, the cascsde of suxildary vanes rotates 45° to a
position perpendicular to the wing chord; the csscade of vsnes then folds
outwsrdly as a parallelogram setup to nest in a recess in the wing. The
model is then a conventional monoplane configuration for forward flight
as shown by the photograph in fQure 4. This retraction system was
selected on the basis of being mechanically simple for a small-scale

%

dynsmic model sndnot on the basis of being an optimum srrangemmt for
a full-scale airplane. A three-view drawing of the model with the lower ,
vanes removed is presented in figure 5, snd the geometric characteristics
of the model are presented in table I. A detailed sketch of a section
of the mcxlelwing and the upper and lower vanes is presented in figure 6.
!l!hemodel was powered by a 10-horsepower‘electricmotor which turned
four two-blade propellers having their thrust axes ~allel to the fuse-
lage axis. The direction of rotation of the propellers is indicated
in figure 5. Blade-form curves for the propeller are given in figure 7.

Control was obtained by moving the left- and right-trailing-edge
25-percent-chord flaps differentially for yaw control and together for
pitch control and by varying the total pitch of the two outboard propel-
lers differentially for roll control. The control surfaces were deflected
by flicker-type (full-on or off) pneumatic actuators which were remote~
operated by the pilots. These manual.llyoperated servomechanisms gave
approximately the following control deflections:

Pitchcontrol,deg. . . . . . . . . . . . . . . . . . . . . . . . *9
Yawcontrol (eachflap),deg . . . . . . . . . . . . . . . . . ..*U
Outboard propeller blades (each propeller blade), deg . . . . . . *3

a
These actuators were equipped with integrating-type trimmers which trirmned
the controls a small amount in the direction that the controls were moved ‘
each time a control movement was applied. With actuators of this type, “
the model became accurately trimned after flying a short time in a given



NACA TN -O 5

●

flight condition. Sepsmte pilots were used to control the model in pitch,
roll, and yaw since it haa been found that, if a single pilot operates all

s three controls, he is so busy controlling the model that he has difficulty “
ascertaining the true stshility snd control characteristics of the model
about its various axes.

A rate-sensitive artificial stabilizing device was used in some of
the tests to increase the damping of the pitching motio~. This device
(called a pitch damper) consisted of a rate gyroscope which, in response
to rate of pitch, provided signals to a proportional control actuator
which moved the control to oppose the pitching motion. !Ihisproportional
control actuator was connected to the flicker a~tuator so that their
outputs were superimposed. The maximm additional pitch deflection that
could be provided by the pitch damper was ~~.

TESTS

The tests included hovering flight at a considerable height above
the ground, hovering flight near the ground, and vertical take-offs and
landings. The stability snd controllability of the model were determined
from the pilots’ observations and opinions of the behavior of the model,
frcm the study of motion-picture records of the flight tests, smd frcxnm
time-history plots of the motions of the model read frcm the motion-
picture records. me flight-test techniques used in the present inves-

. tigation were similar to those used in the investigation of the simpli-
fied test vehicle which are described in detail in refcmsace 1. !Ihe
investigation of the effects of artificial stabilizing devices in the
present series of tests was much less detailed thsm that reported in
reference 1 because it was felt that these effects had been covered ade-
qutely in the pretious work. For the tests in which the pitch damper

dtif
was used, the value of the reponse psrameter of the damper

T ‘s
about 0.7. KIhisvalue was obtatied by calibrating the damper on a
rocking table.

RESULTS AID DISCUSSION

The results of the present investigation sre illustrated more graph-
ically by motion pictures of the flights of the model thsn is possible
h a written presentation. For this reason a motion-picture film supple-
ment to this paper has been prepsred and is available on loan from the

. National Advisory Comnittee for Aeronautics, Washin@on, D. C.
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h general, the results of the hovering flight tests indicated that
the behatior of the model,was similar to that of the simplified test
vehicle covered by reference 1; that is, controlling the model in pitch
was very difficult because of a violently unstable pitching oscillation,
but this oscillation could be stabilized with a pitch dsmper. The
behavior of the model with the pitch damper was fairly satisfactory in
that take-offs and landings could be made and the model could be con-
trolled fairly easily in hovering flight. All the results presented
herein are for the configuration with the lower vanes removed except
those presented in the section entitled “Preliminary Tests With Lower
Vanes Installed.”

Hovering Flight at Altitude

Pitchiw.- The flig4t tests showed that the mcdel had a violently
unstable pitching oscillation. !llhisoscillation is shown in the time
histories of the uncontrolled pitching motions presented in figure 8(a).
!Chesetime histories show that the oscillation was a combination of
pitching and longitudinal translation. Ihe model seemed to have a very
pronounced tendency to pitch nose-up if it moved forward or to pitch
nose-down if it moved backward. It also had a tendency to move forward
if it pitched nose-down or to move rearvsrd if it pitched nose-up. !Ihese
two force @ moment variations are statically stabilizing. I?& example,
if the model noses down, it starts to move forward and this forward
movement causes it to pitch nose upward which tends to right the mcdel
and stop its forwsrd motion. l?hephase relation of these motions, which
appear to be stabilizing frcm static considerations, can be such as to
produce an unstable oscillation if there is insufficient damping in pitch
and insufficient damping of longitud~l translation. Evidently these
damping factors were too small in proportion to the static stability
parameters for this model.

In spite of this violently unstable oscillation, the model could be
controlled in pitch by careful use of the pitch control. ~is fact is
illustrated in figure 8(b) by time histories of the pitching and longitu-
dinal motions of the model in controlled fli~t. For this record the
pilot was,attanpthg to fly the model as smoothly as possible. me fact
that the model was pitching through a rather lsrge range of angles despite -
his efforts to control it is evident from the figure. The present model
was somewhat easier to control, however, than the cascade-wing model of
reference 1. This slight difference may have resulted partly from the
larger size and corresponding slower motions of the present model. A
full-scale airplane could probablybe flown considerably more smoothly
than either model because the angular velocities of the airplane would
be much lower than those of the models and because the pilot could sense
the movements of the airplane more quickly and apply the prop= smount
of corrective control more exactly than was possible with the models.
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Whether the behavior of a full-scale air-planewould be considered toler-
able camnot be definitely ascertained from the model tests, but the
behavior of the model was considered unacceptable in comparison with that.
of other flying models. Such a condition might be considered barely
acceptable for sm airplane, however, if it were only an mergency con-
dition encounter~ in the event of autopilot failure.

The pitch damper was used on the model as a means of improving its
stability by increasing its dsmpin.gti pitch. Time histories of the
model motions with the damper operating are presented in figure 9 for
both controlled and uncontrolled flight. With the value of gem?ing used

()d~in these tests ~ . 0.7 , the pitch~ oscillation was completely stable.
de

For this condition the model would fly for indefinite periods of time
without the use of any manual pitch control by the pilot. This result
is illustrated in figure g(a) by the thne history of the uncontrolled
pitching and longitudinal motions of the model. me model, of course,
had no stability of position and consequently wandered ~ound somewhat
in response to gusts or disturbances introduced by the safety cable. The
motions of the model in controlled flight with the pitch damper operating
are plotted in figure 9(b). These records illustrate the fact that the
model can be flown very smoothly with this value of the dsmper response

. factor.

Yawing.- The observations of the yaw pilot indicated that, in general,
.

the yaw control was weak. ~is condition was particularly evident when
random disturbances due to gusts or random air currents caused the model
to diverge in yaw despite the application of full opposite yaw control.
h one short series of flights it was noticed that the yaw control was
considerably improved. It was later found that the maim flap had been
inadvertently set at an angle of about 850 titead of the 90° for which
the flap was designed. ~is result may indicate a means of improving
the yaw control.

!l?h=ewas no stabili~ of yaw position because there was no static
restoring moment in yaw. Continuous use of yaw control was therefore
requfied to prevent yawing as a result of the randan disturbances on
the model. It is important tomaintati a constant heading when flying
the model because the model must be properly oriented with respect to
the raote pilots in order for them to control the model effectively.
Some yawing was caused by the roll control that was somewhat trouble-
some to the yaw pilot because of the weak yaw control.

Rolling.- !Pheuncontrolled rolling motions of the model appeared

● to be an aperiodic (not oscillatory) divergence involving lateral trans-
lation as well as rolling. ~ese uncontrolled motions are illustrated
in figure 10. It is difficult to tell whether such a motion is a true
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aperiodic divergence or simply the result of an out-of-trim rolling moment. ‘
‘Ihepilot’s opinion, after he had made many attempts to record the uncon-
trolled motion after trimming the model as carefully as possible, was
that this divergent motion actually indicated the instability of the

&

model. As mentioned previously, the model was generally in fairly good
trim since it was equipped with titegrating-typetrimmers which changed
the trim a small.smount in the direction that the control was deflected
every t& the pilot applied his flicker-type control. With this system
the model becomes trimmed very accurately a short time after take-off.

The pilot could cmrtrol the rolling motions of the model despite
the tendency toward a roll divergence. The uncontrolled rolling motions
presented in figure 10 are as smooth as those generally obtained with
other free-flying models with flicker-type controls.

There was a considerable effect of the use of the yaw control on
the rolling motions of the mdel. me use of right yaw control caused
a rolling motion to the right and the use of left yaw control caused a
rolling motion to the left. !t!hiscross-coupling effect was somewhat
troublesome to the roll pilot, but he could usually fly the model steadily
in roll despite the fact that the yaw pilot applied the yaw control fre-
quently. In some cases trouble was ~erienced, however, when the model
had sm unusually strong tendency to diverge in yaw because of gusts or
random air currents. In these cases the yaw pilot was forced to hold full .
yaw control for long perids of time and the model then tended to diverge
in roll despite the efforts of the roll pilot to prevent the rolling.
For example, if the model tended to diverge to the left in yaw, the yaw .
pilot held full right yaw control and the model rolled off to the right
against full Ieft ‘rollcontrol. A few tests with increased deflection
on the roll control indicated that these divergences generally could be
prevented but that the increased travel made the model more clifficult to
fly smoothly for normal steady flight.

Ver- MOM. - ‘l!heverti.cslmotions of the model wea?efatily
difficult to control. Part of this difficulty was caused by the lag in
the pow= -control system in which it was necessary to accelerate or
decelerate sevaal heavy-duty components of the motor-gam?ator pow=-
supply unit before the model motor speed chaK@ed. When operated from
the same motor-generator set, the vertical motions of the present model,
however, were more clifficult to control than those of the models with
the propeller-shaft sxis vertical. Evidently, the present model has less
damping of the vertical motions than a model with the propeller-shaft
axis vertical; the latter model is kown to have considerable deqping
because of the pronounced inverse variation of the thrust of a propell.=
with axial velocity.
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Hovering Flight Nesr the Ground

. The model appeared to have as good stability and control character-
istics when hovering nesr the ground as those obtained when hovering at
a considerable height above the ground. All flights near the ground were-—

made with the pitch dqer operating with a gesring ratio ~ of 0.7

which was found to make the mcdel completely stable in pitch when hovering
well drove the ground. It was necessery to fly the model continuously
when hovering near the ground because my small angular motions tended
to make the model lose altitude and touch the ground. The stability of
the model could not be studied, therefore, by observing the uncontrolled
motions. From the general ease of maintaining steady flight, however,
it appeared that the stability was as good when the model was hovering
nesr the ground as that obtained when hovering at altitude. There w=
no noticeable adverse effect of ground proxhity on the effectiveness of
any of the controls. =e was a tendency for the model to move forward
as it nesmd the ground. It was necessary therefore to increase the eagle
of pitch of the model by the use of up-elevator trim as the nmdel nesred
the ~OUDdm A time history of the longitudinal motions of the model when
hovering nesx the ground is given in figure U. me pitching motions
shown in this figure are not as smooth as those shown in figure 9(b) for
a comparable condition with the model hov=ing we31 above the ground.

. !Ibisdiffer-ce does not indicate that the model was more difficult to
fly but result= from the change in trim as it nesred the ground. Fig-
ure U. shows that as the model descended the pilot had to apply nose-up

● control very frequently in ordcsrto prevent it from moving forward and
to effect the required nose-up change in trim with the self-trimming
flick=-control actuators.

●

!l!eke-offsend Landings

At take-off with the horizontal tail h the original position at
zero incidence, the tail tended to rise and the model moved fcmward
rapidly b~ore it left the ground. This motion may have resulted from
a lift force on the resr part of the fuselage caused by the outward flow
of the slipstream a30ng the ground and possibly by en upflow over the
fuselage behind the wing. Z!heexistence of such an upflow has be=
noticed W subsequent tuft tests of the nmdel in the presence of the
ground with the fuselage raoved. Iu am effort to keep the tail.down,
the horizontal tail was set at about 35° negative ~~~ce ~fi 35°
up-elevator and was moved to the low position Uicat* in figure 5 so
that it would be in the flow of the slipstream slang the sound. Ns
change effectively elhdnated the tendency for the tail to rise and the
model to move forward in take-off.

●
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With the tail in the low position, take-offs and landings were easy “
to perform. !IYmehistories of three take-offs and two landhgs are shown
in figures 12 and 13, respectively. When trimned for hovering flight
well.above the ground, the model had a tendency to move forward as it

*

took off or as it nesred the ground on landtig. Ws type of ground
effect was also noticed on the cascade--g model of reference 1. The
close proximity to the ground caused a decrease in the angle through
which the slipstream was turn~; thus, the mcdel was caused to move
forward because of the forward tilt of the resultsmt force vector unless
the angle of pitch was increased to compensate for the change in direc-
tion of the resultant force vector. The tendency for the model to move
forwsrd on take-offs and landings would probably be less troublesome to
the pilot of a full-scale airplsne than to the pilot of the model because
he would have a proportional pitch-control system rather than the flicker-
control systm used on the model.

~el.hninsry Tests With Lower Vanes Installed

The results of a fewpreliminsry flight tests of the model with the
lower vsnes installed indicated that the stability and control character-
istics for this configuration were approximately the same as for the
configuration without these vanes below the wtig. !l?hesetests covered
only the case of hovering at a considerable height above the ground and .
did not include any detail~ study of stability and control characteristics.
The results were bas~ only on the pilots’ impressions of the behavior
of the model in controlled flight. e

It was found in these preUminary tests that the model hovered with
the fuselage at an angle OY pitch of about 15° from the horizontal. Stice
an angle of 2@ was considered acceptable for the model, and stice later
tests showed that the model could be hovered at an angle of about 20°
without the lower vanes, these vsnes were removed to reduce the mechanical
complication involved in refracting th~ for normal forward flight. Kl!he
complete hovering, take-off, snd land@ test programs w=e therefore
made with the lower vsmes removed.

Since it was not the purpose of the model or tests to suggest that
the wing system used on the model be used for a full-scale airplane, no
attempt was made to reduce the angle of pitch of the fuselage as far as
possible. !thepreliminary tests with the low= vanes instsll.led,however,
suggest that, if a wing of this general type (large wing and flap with a
number of small auxilisry vanes) is used, the use of vanes below the wing
will reduce the fuselage angle. I?eference1 contatis force-test data
which indicate that the propellff slipstream can be turned w to give
hovertig flight at 0° pitch angle if both upper and lower vanes me used
and if a suitable airfoil section is used instead of the curved plates ●

used on the present model. Such vsues, however, would be considerably
thicker than those of the present model and would be more difficult to
retract for forward flight. A reduction in the fuselage angle might also -
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be obtaimed by the use of as much positive wing incidence as can be tol-
●

crated from consideration of other flight conditions. As pointed out
previously an extensive force-test progrsm aimed at developtig a simple

. wing syst~ that will turn the propeller slipstream efficiently through
lsrge angles is being conducted by the Lsngley 7- by 10-Foot Tunnel
Rranch, snd some of the results of this work exe published in refer-
ences 2 to k.

SUMMARY OF RESUL’IS

The follow3ng results were obtained from take-off, landing, and
hovering flight tests of a four-engine-transport, vertical take-off,
airplane model utilizing a lsrge flap and extensible vines for redtiecting
the propell= slipstream:

1. Flying the model without the use of artificial dsmping in pitch
was clifficult for the pilot because of a violently uns-lxiblepitch-
oscillation.

2. !l!hepitching oscillation could be stabilized by the use of a
rate-sensitive sztificial damper which also made the pitching motions
easy to control.

3. ‘lherolling motion was slightly divergent but was fairly easy to
control.

.
4. Although the pil+ could gen~ally maintain control of the mdel

h yaw, the yaw control was considered undesirably weak.

5. The stabili@ and control characteristics of the model app~ed
to be as god when hovering near the ground as those obtained tien
hov~ing at a considerable height above the ground.

6. Vertical take-offs and landings could be p~ormed satisfactorily,
although, when trimned for hov~ing flight well above the ground, the
model had a slight tendency to move forwsrd as it took off or nesred the
ground on lsmding.

7. Some clifficulty was experienced ti controlling the vertical
motions of the model, because tkre was apparently very little damping
of these motions.

Langley Aeronautical Laboratory,
National Advisory Ccmmittee for Aeronautics,

Lsngley Field, Va., Februsry 15, 1955.
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TABLE I.- GFLIMETRICCHARACTERISTICSOF KIDEL

13

.

. Weight,lb . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51.0
Ix,slug-#.. . . . . . . . . . . . . . . . . . . . . . . . . . 3.*

IY,slug-f l+... . . . . . . . . . . . . . . . . . . . . ● . , , 1.9

t2Iz,slug-f . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.59
Fuselagela@h,ti. . . . . . . . . . . . . . . . . . . . . . . ~.B

Propellers(tmblsdes each):
Diameter,ln. . . . . . . . . . . . . . . . . . . . . . . . . .
Solidi@(eachpropeUer) . . . . . . . . . . . . . . . . . . . o.~~
h3@ (seeHACARep. Zs’j’). . . . . . . . . wj.edmA~op~erA

wing:
Sweepback (leadingedge),&g . . . .
Mrroilsection . . . . . . . . . . .
Aspectratio. . . . . . . . . . . . .

%*-&gi&tL.”&); ill:- : :
Taperratio . . . . . . . . . . . . .
Area(totsl.tocenterline),sqti.
Span,in. . . . . . . . . . . . . . .
MeanaerciQnsmicchord,ti. . . . .
Control-flaphingeUne, ~mt chord
DU.mdrdlsn@e,deg.. . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .

. . . ...0 . . . .

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .

“16CA &
. . 7.13
. . 10.8
. . 15.0
. . 0.72
. u86;8

: : lzz
. . 75
. . 0

verticaltail:
Sweepback (leedingedge),deg. . . . . . . . . . . . . . . . . ~.o
Atifoil.section . . . . . . . . . . . . . . . . . .....wcA~9
Aspectratio. . . . . . . . . . . . . . . . . . . . . . . ..O 1.”*
Wpchord, ti. . . . . . . . . . . . . . . . . . . . . . . ..7.*
Rootchord(atcmterline),jn. .. O . . . . . . . .. O.. U.U
~per ratio . . . . . . . . . . . . . . . . . . . . . . . ...o.~
Area(totalb centerLble- exclldingtisd area),Sqin. . . 169.1
ma in. . . . . . . . . . . . . . . . . . . . . . . . . . ..18.E5
haerO@lmmc chord,in.. . . . . . . . . . . . . . . . . . 9.45

RUd&cc (Mnge line perpendicularto fuselagecenter Une):
TiPchord, ti. . . . . . . . . . . . . . . . . . . . . . . . .
Rootchord, in....... . . . . . . . . . . . . . . . . . . 4%;
-,ti. . = . . . . . . . . . . . . . . . . . . . . . . ...3-4.03

Horizontaltail: High position
Sweepback (1- edge),deg . . . . . . . . 7.3
M2’’fou.section . . . . . . . . . . . . . .. NACAOX)9
Aspect ratio . . . . . . . . . . . . . ..OO 5;?
TiPclxmd,in....... . . . . . . . . .
Rootchord(atcenterljne),k. . . . . . . 8:3
Taper ratio . . . . . . . . . . . . . . . . . 0.55
ka(totalto centaml e), Sq in. . . . . 241.9
Span, ill . . . . . . . . . . . . . . . . . . . ;7;:
Mesaamodynamic chord, in.. . . . . . . . . .

Lou position
7.3

NACA 0309
6.17

8%

%?
40.75
6.81

—.

Elevator (bingeline perpendicularto fuselagecemter b):
T5pchord, in....... . . . . . . . . .
Root chord in. . . . . . . . . . . . . . . .
E@m(eachj in. . . . . . . . . . . . . . . .

W x
16.94 16.g4
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Figure 2.- Indoor test setup used in flight testing hovering models.



(a) Il?hree-q~er rear view. L-85363

(b) Three-q-er front view.

F@ure 3.- Photographs of the model in the hover- confi~ation with

lower vanes inst~led.



,

~igure 4.- Photo@aph of tihe model in the fowd-fU@ cotii~tion.
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Figure 5.- Three-view sketch of the model with lower vanes removed.
dimensions are in inches.
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Figure 6.- Cross-sectional details of wtng showing both the upper and
lower sets of vsnes. All dimensions are in inches.
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Figure 7.- Klade-form curves. Synibolsare: D, diameter; R, radius;
r, station radius; b, section chord; h, section thickness; p, geometric
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(a) Uncontrolled flight..
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Figure 8.- Pitching

Tm,sw

(b) Controlled flight.

motions of the model without pitch damper.
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